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(57) ABSTRACT 

A tWo-cycle internal combustion engine has an ignition 
timing that varies With engine speed. A plurality of ignition 
patterns (the relationship betWeen ignition timing and engine 
speed) are used. The engine exhaust gas temperature is 
sensed and is used to determine the particular ignition 
pattern used at a particular time. 
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TWO-CYCLE ENGINE WITH EXHAUST 
TEMPERATURE-CONTROLLED IGNITION 

TIMING 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation-in-part of Ser. No. 
09/452,657, ?led Dec. 1, 1999, now US. Pat. No. 6,237,566, 
the disclosure of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention is directed to a tWo-cycle internal 
combustion engine and the operation of such an engine. 
Such engines are used, for example, to drive various 
vehicles such as snoWmobiles, motorcycles, personal Water 
craft and others. 

The operation of such engines is based on the ignition of 
a compressed fuel-air mixture Within a cylinder, With the 
resulting expansion of the ignited mixture driving a recip 
rocating piston located in the cylinder. The reciprocating 
movement of the piston then is used to drive the vehicle 
poWered by the engine. 

It is desirable to vary the point during the reciprocation 
cycle of the piston at Which the fuel-air mixture is ignited, 
ie a point betWeen “bottom dead center” and “top dead 
center”, to provide optimum operation of the engine. Thus, 
as one example the optimum point of ignition during accel 
eration can differ from that for a normal running operation. 
Because the piston usually is driven by a rotating crank 
shaft, the ignition point often is expressed in terms of 
degrees of advancement With respect to top dead center, in 
other Words the position With respect to degrees of rotation 
of the rotating crank shaft ahead of the top dead center 
position. 

Typically, different engine operating speeds, Which usu 
ally are expressed in revolutions per minute, Will be asso 
ciated With different engine conditions. For example, higher 
engine speeds often are associated With acceleration. Thus, 
it has been considered that the point of ignition during the 
reciprocation cycle of the piston should be varied, depend 
ing on the engine operating speed at the particular time, and 
engine ignition control systems can be programmed to vary 
the ignition point depending on the engine speed. 

Other factors can affect the optimum ignition timing. For 
example, an engine operating shortly after start-up may 
require a different relationship betWeen ignition timing and 
engine speed (hereinafter “ignition pattern”) than an engine 
that has been operating from some time. Consideration has 
been given in the past to a system that alloWs the user to 
sWitch betWeen tWo different ignition patterns. This has not 
been completely satisfactory in optimiZing engine perfor 
mance. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide a tWo-cycle engine 
that enjoys improved performance by selecting from a 
plurality of relationships betWeen ignition timing and engine 
speed (ignition patterns) based on exhaust gas temperature. 
In one aspect of the present invention, individual ignition 
patterns cover ranges of exhaust gas temperature of about 50 
C. The sensitivity of the control system increases as the 
temperature range decreases. In another aspect of the present 
invention the exhaust gas temperature is determined by use 
of a sensor that is in contact With the exhaust gas, for 
example in an exhaust pipe. In a further aspect of the 
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2 
invention, a capacitor discharge ignition system is used to 
control the ignition timing of a spark plug. Yet another 
aspect of the invention provides for a default ignition pattern 
When there is a malfunction of the temperature sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of an example of an 
engine in accordance With the present invention. 

FIGS. 2 and 3 are How charts illustrating examples of the 
control of the ignition timing. 

FIGS. 4—8 are graphs illustrating examples of different 
ignition patterns that can be used in the present invention. 

DETAILED DESCRIPTION 

The present invention Will be described With reference to 
the accompanying draWings. It should be understood that the 
present invention is not limited to the speci?c embodiments 
of this description and the draWings. 

Referring to FIG. 1, a tWo cycle engine 10 includes a 
cylinder 12 and piston 14 that moves reciprocally Within the 
cylinder. The movement of the piston 14 may be controlled 
With a crank shaft 16. Fuel-air mixture introduced into the 
cylinder is compressed during the upWard movement of the 
piston With in the cylinder and is ignited by an ignition 
source 18, for example a spark plug. The expansion resulting 
from the resulting combustion drives the piston doWnWard, 
thereby imparting rotation to the crank shaft, Which in turn 
can be used to drive a vehicle on Which the engine is 
mounted. Examples of vehicles that typically make use of 
such tWo cycle engines include snoWmobiles, personal 
Watercraft, motorcycles and the like, although the present 
invention is not limited thereto. In addition, the present 
invention could be applied to tWo cycle engines used in a 
stationary setting if desired. Exhaust gas resulting from the 
combustion of the fuel-air mixture is expelled from the 
cylinder, for example through an exhaust pipe 28. The 
present invention is not limited to any particular exhaust 
system, and various combinations of exhaust pipes and 
manifolds can be used With engines that have more than one 
cylinder. 

Controller 20 is provided for controlling the ignition of 
the ignition source 18. In one embodiment, the controller is 
a capacitor discharge ignition system, and activates a spark 
plug through coil 22. HoWever, other ignition and control 
systems can be used as Well, such as electronic ignition 
systems. Generally, the ignition should take place While the 
piston is moving upWardly, ie during the compression 
movement by the piston. Typically the ignition takes place 
shortly before the piston reaches the end of the compression 
movement (the “top dead center” position). The ignition 
timing can be expressed With respect to the rotation of the 
crank shaft, ie in terms of a certain number of degrees 
before the top dead center position. 

Different effects of the combustion can be achieved by 
varying the ignition timing. Thus, depending on the desired 
affect, in some cases it is desirable to have an earlier or 
“advanced” ignition. The circumstances in Which particular 
effects are desired can be correlated to engine speed. Thus, 
at a particular engine speed a particular advancing of the 
ignition timing Will be used. In some ignition systems, the 
ignition timing is based only on engine speed (so-called 
2-dimensional ignition systems). In other ignition systems, 
timing is based on engine speed and throttle position (so 
called 3-dimensional ignition systems). Both are applicable 
to the present invention. In any case, the various combina 
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tions of ignition timings and particular engine speeds thus 
Will form a particular ignition pattern. 

Different engine operating conditions may result in dif 
ferent ignition patterns being desirable. That is, in one 
circumstance one particular ignition pattern may be the most 
useful, While another pattern might be better under different 
conditions. In accordance With the present invention, the 
exhaust gas temperature is used to evaluate operating con 
ditions and thus determine Which of tWo or more ignition 
patterns should be selected for engine operation. For this 
purpose, an exhaust gas temperature sensor 24 is provided. 
It is preferred that the sensor 24 be in direct contact With the 
exhaust gas for the purposes of accuracy and reduction in 
reaction time, for example by being positioned in the 
exhaust pipe 26. HoWever, it is possible to sense the tem 
perature on the outside of part of the exhaust system or to 
sense the temperature of Water in a Waterjacket surrounding 
an exhaust pipe. In the case of a sensor directly contacting 
exhaust gas in the exhaust pipe or other part of the exhaust 
system, the sensor should be able to Withstand that 
environment, and suitable measures should be taken to seal 
the exhaust system at the point Where the sensor extends into 
the exhaust system. An example of a suitable sensor for use 
in directly contacting the exhaust gas is a thermistor. It is 
desirable that the sensor be positioned in the exhaust system 
at a position suf?ciently far from the engine to avoid sharp 
rises and falls (spikes) in temperature of short duration. 
HoWever, if the sensor is too far from the engine the 
responsiveness of the system is adversely affected, ie there 
Will be too much delay in sensing increases and decreases in 
temperature. The exact position is determined based on the 
speci?c characteristics of the exhaust system involved. 

The sensor 24 provides information concerning the 
exhaust gas temperature to the controller 20. For example, in 
the case Where a thermistor is used as the sensor, the sensor 
sends an electrical signal Whose magnitude changes With 
changes in the exhaust gas temperature. The controller then 
selects an ignition pattern based on the exhaust gas tem 
perature information. The selected ignition pattern then is 
used to control the ignition advance based on the engine 
operating speed. In this regard, a signal can be sent from the 
crank shaft to the controller to indicate the engine speed and 
the relative position of the crank shaft so that the desired 
ignition timing can be provided. 

The controller can process the temperature information as 
desired. For example, in one embodiment the controller can 
take the average of several readings, eg 10, With the 
readings being taken by the sensor every 2 milliseconds as 
one example. Other methods for handling the sensor infor 
mation can be used as Well. 

It is desirable to have a plurality of ignition patterns, each 
of Which covers a particular temperature range. As one 
example, ?ve patterns could be provided, each of Which 
covers a range of about 50 C, for example from 250 C and 
loWer, 250—300 C, 300—350 C, 350—400 C, 400 C+ respec 
tively. Different numbers of patterns and different combina 
tions of ranges can be used as desired for a particular 
practical application, and it is possible to have the different 
patterns in a single application cover larger and smaller 
temperature ranges as needed for that particular engine. 

Adefault ignition pattern can be provided for cases Where 
there is a failure in the temperature sensor. Sensor failure can 
be determined, for example, by the sensor reading tempera 
tures outside expected parameters, eg reading above or 
beloW certain limits. Thus, as one example, a temperature 
reading higher than the upper sensor fail limit Would be 
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4 
interpreted as a short in a thermistor sensor, While a reading 
beloW the loWer sensor fail limit Would be interpreted as a 
break in the Wiring in a thermistor sensor. It also is possible 
to alloW for user selection of ignition patterns in the event of 
sensor failure. 

It also is possible to use the sensed temperature readings 
to modify a particular timing pattern that can be selected 
from a plurality of patterns. For example, the user may be 
able to select a timing pattern from a plurality of timing 
patterns using a sWitch or the like, and the sensed tempera 
tures readings can be used to modify the selected pattern 
appropriately. 

Further, in some cases the desired engine timing pattern 
may depend on the type of fuel being used in the engine. In 
such cases, the sensed exhaust temperature may be indica 
tive of the type of fuel and can be used to set the ignition 
timing pattern accordingly. Thus, the sensed temperature can 
compensate for the type of fuel used, or can be used to select 
a timing pattern that Would avoid damage to the engine if the 
fuel selected is not desirable for the engine. 

The sensed exhaust temperature also may be useful in 
indicating some problem in engine performance, eg incor 
rect carburetion or fuel delivery. Again, in this case the 
sensed temperature can be used to select a timing pattern that 
avoids damage to the engine. 
An example illustrating the control of the ignition timing 

Will be discussed With respect to FIGS. 2—8. In this 
embodiment, a thermistor type sensor is used. FIG. 2 illus 
trates the control from the engine start time. At the time the 
engine is started, the temperature sensor is reset. The con 
troller then determines Whether the temperature information 
is loWer than the upper sensor fail limit temperature, eg 600 
C as one example in a case of an engine for a snoWmobile. 
If not, the controller considers that the sensor is shorted out 
and sWitches to a “hold pattern”, Which operates as a default 
pattern. Any of the available ignition patterns can be used for 
the default pattern, or the user can be permitted to select one 
of the available patterns, or a special pattern can be used. If 
the temperature is beloW the upper sensor fail limit, the 
controller continues and determines Whether the engine has 
been running for a suf?ciently long period before the fail 
control is initiated (fail control delay time). Essentially, this 
permits the engine to run for a period during Which the 
exhaust gas temperature Would be expected to exceed the 
loWer sensor fail limit temperature. Until this period is 
passed, the controller checks only Whether the sensor is 
reading a temperature beloW the upper sensor fail limit, and 
if not the “hold pattern” is invoked. The delay period Will 
depend on the loWer temperature limit of the sensor, and in 
the case of a sensor having a loWer limit of about 200 C the 
delay period generally Will be around 10—2500 seconds, 
With a delay of 120 seconds being typical. 

Once the fail control delay time is passed, a further short 
delay time can be invoked, eg on the order of ?ve seconds. 
This permits the use of a different default pattern during this 
period under certain circumstances. If the sensor reading is 
above upper sensor fail limit, the “hold pattern” is invoked. 
If the sensor reading is beloW the loWer sensor fail limit an 
“information pattern” can be invoked, Which can be the 
same as or different from the “hold pattern”. The informa 
tion pattern can be such that the pattern Would Warn the user 
of sensor failure if a failure indicator light is not provided. 
An example of a loWer sensor fail limit is 225 C for a 
thermistor sensor used in a tWo cycle snoWmobile engine. If 
the sensor reading is betWeen the upper and loWer sensor fail 
limits, a “normal” pattern is selected. The further delay 
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period should be sufficient for the controller to check for 
sensor failure, for example about 5 seconds or so. 

Once the further delay has passed, and assuming the “hold 
pattern” has not been invoked, the sensory memory function 
is activated (if sensor output information is to be based on 
averaged values of previous readings) and normal control is 
invoked. Referring to FIG. 3, if the “information pattern” 
Was invoked during the further delay, this pattern continues 
until the exhaust temperature is betWeen the upper and loWer 
sensor fail limits. If the “information pattern” Was not 
invoked during the further delay, ie one of the normal 
patterns Was selected, the exhaust temperature is checked to 
determine Whether it is betWeen the upper and loWer sensor 
fail limits. If so, the selection of one of the normal patterns 
continues. If not, the “hold pattern” is invoked, after Which 
the system can recheck itself to determine Whether there has 
been sensor failure (Start Memory Sensor). 

The graphs of FIGS. 4—8 shoW amount of ignition 
advance (in degrees before top dead center) as the ordinate 
versus engine speed (rpm) as the abscissa for ?ve different 
temperature ranges for a tWo cycle snoWmobile engine. The 
Figures represent the ignition patterns for 250 C and loWer, 
250—300 C, 300—350 C, 350—400 C and 400 C+ respectively. 

A further example of data that can be used to generate 
curves of the type shoWn in FIGS. 4—8 is presented beloW. 
In these data, the “angle” represents the number of degrees 
before top dead center. 

A. Exhaust Temperature 250 C or less 

RPM ANGLE 

8800 7 0 
8600 7 0 
8400 7 0 
8200 8.0 
8000 10.0 
7750 12.5 
7500 14.5 
7250 16.0 
7000 17.5 
6500 20.0 
6000 24.0 
5000 24.0 
4000 20.0 
3000 10.0 
2000 10.0 
1000 8 0 
0000 8 0 

RPM ANGLE 

8800 11.0 
8600 10.0 
8400 7 0 
8200 8.0 
8000 10.5 
7750 13.5 
7500 16.0 
7250 18.0 
7000 19.0 
6500 22.0 
6000 24.0 
5000 24.0 
4000 20.0 
3000 10.0 
2000 10.0 
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-continued 

RPM ANGLE 

1000 8.0 
0000 8.0 

C. Exhaust Temperature 300—350 C 

RPM ANGLE 

8800 8.0 
8600 8.0 
8400 8.0 
8200 9.0 
8000 13.0 
7750 15.0 
7500 17.0 
7250 19.0 
7000 20.0 
6500 22.0 
6000 24.0 
5000 24.0 
4000 20.0 
3000 10.0 
2000 10.0 
1000 8.0 
0000 8.0 

RPM ANGLE 

8800 10.0 
8600 11.0 
8400 11.0 
8200 12.0 
8000 14.0 
7750 15.5 
7500 18.5 
7250 20.0 
7000 21.0 
6500 22.0 
6000 24.0 
5000 24.0 
4000 20.0 
3000 10.0 
2000 10.0 
1000 8.0 
0000 8.0 

RPM ANGLE 

8800 11.0 
8600 11.0 
8400 11.0 
8200 11.5 
8000 13.0 
7750 15.0 
7500 18.0 
7250 19.0 
7000 20.0 
6500 22.0 
6000 24.0 
5000 24.0 
4000 20.0 
3000 10.0 
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-continued 

RPM ANGLE 

2000 10.0 
1000 8.0 
0000 8.0 

The present invention has been discussed With respect to 
a reciprocating piston engine. The selection of different 
ignition patterns based on exhaust temperature also is appli 
cable to other types of internal combustion engines, such as 
rotary engines. 

While a detailed discussion of the present invention has 
been provided above, this should be considered as illustra 
tive and not limiting. The present invention is not limited to 
the speci?c embodiments described herein but rather is 
de?ned by the folloWing claims. 
What is claimed is: 
1. A tWo-cycle engine, comprising; 
a cylinder; 
a throttle 

a piston movable in the cylinder, for compressing a 
fuel-air mixture to be ignited in the cylinder, With 
exhaust gas from combustion of the fuel-air mixture 
being expelled from the cylinder; 

an ignition source in the cylinder; 
a controller for activating the ignition source at a particu 

lar point during the compressing movement of the 
piston, the controller activating the ignition source 
according to an ignition pattern in Which an ignition 
point during the compressing movement varies With 
operation speed of the engine and throttle position, the 
ignition pattern being selected from a plurality of 
different ignition patterns, the different ignition patterns 
having different relationships betWeen ignition point 
and engine speed; and 

a sensor for sensing a temperature of exhaust gas from the 
cylinder, the particular ignition pattern used by the 
controller being selected based upon the sensed exhaust 
gas temperature. 

2. The engine of claim 1, Wherein the ignition source is a 
spark plug and the controller is a capacitor discharge ignition 
system. 

3. The engine of claim 1, Wherein the sensor contacts the 
exhaust gas. 

4. The engine of claim 3, Wherein the engine further 
comprises an exhaust pipe for carrying the exhaust gas and 
the sensor is disposed in the exhaust pipe. 
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5. The engine of claim 1, Wherein individual ignition 

patterns are provided for exhaust gas temperature ranges that 
cover about 50 C. 

6. The engine of claim 1, Wherein the plurality of different 
ignition patterns includes a default pattern that is used if a 
failure of the sensor is determined. 

7. The engine of claim 1, Wherein the engine is a snoW 
mobile engine. 

8. A method of operating a tWo-cycle engine, comprising: 
moving a piston in a cylinder to compress a fuel-air 

mixture in the cylinder; 
activating an ignition source in the cylinder during the 

compression movement; 
expelling exhaust gas from combustion of the fuel-air 

mixture from the cylinder; 
controlling the activation of the ignition source according 

to an ignition pattern in Which an ignition point during 
the compression movement varies With operation speed 
of the engine and throttle position of the engine; 

sensing a temperature of the exhaust gas expelled from 
the cylinder; and 

selecting the ignition pattern from a plurality of different 
ignition pattern is based on the sensed exhaust gas 
temperature, the different ignition patterns having dif 
ferent relationships betWeen ignition point and engine 
speed. 

9. The method of claim 8, Wherein the ignition source is 
a spark plug and a capacitor discharge ignition system 
controls activation of the spark plug. 

10. The method of claim 8, Wherein the exhaust gas 
temperature is sensed With a sensor that contacts the exhaust 
gas. 

11. The method of claim 10, Wherein the engine further 
comprises an exhaust pipe for carrying the exhaust gas and 
the sensor is disposed in the exhaust pipe. 

12. The method of claim 8, Wherein individual ignition 
patterns are provided for exhaust gas temperature ranges that 
cover about 50 C. 

13. The method of claim 8, Wherein the temperature of the 
exhaust gas is sensed With a temperature sensor and the 
plurality of different ignition patterns includes a default 
pattern that is selected When a failure of the temperature 
sensor is determined. 

14. The method of claim 8, Wherein the engine is a 
snoWmobile engine. 


